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0 Night vision goggles. 



0 Night vision goggtes, characterized in that these 
goggles substantially consists in the combination of 
at* least one objective part (1); at least one image 
intensifier tube (2), having an Input side (7) on which 
an input image can be projected by the objective 
part (1). and having an output side (8) formed by a 
screen emitting an Intensified output image of said 
input image within a narrow waveband emission 

^spectrum; and two ocular parts (3. 4) each compris- 
ing the combination of at least one collimating holo- 

O graphic optical element (17: 18) and one beamspllt- 

^ter optical element (15:16) with angular selectivity 
properties, these properties being used in combina- 

^tion with the characteristics of the emitted light of 

^said screen. 
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Night vision goggles. 



This invention relates to biocular night vision 
goggles In whtcli an image intensifiar tube Is used 
to get a bright image of a scene b^g at low to 
very low light level. 

in order to otstain a bright image of a scene 
being at low light level several kinds of night vision 
goggles have already been proposed. 

Night viaon goggles of the bl-tube type consist 
of mainly three components namely an objective 
lens, an Image intenslfier tube and an ocular lens, 
which are fined up in front of each eye of the user. 
Each image intensifier tube has an input face on 
which an image of the scence is fonned with an 
objective lens. At the ou^ut face of each of the 
Image intensifier tubes the same image is fomied 
with much higher brightness of the scene. The 
respective images at each of the output faces are 
collimated to the users eyes with said ocular lens. 

Other conventional types of night vision gog- 
gles are, for obvious cost and weight saving rea- 
sons, made with one objective lens and one image 
intensifier tube. In ^ese single tube types the 
image to both eyes Is provided by optical means 
such as a beam splitting arrangement followed by 
a separate optical system for each eye. 

Both said bl-tube and single-tube conventional 
goggles have, as a consequence of their construc- 
tion, several inconveniences. First the center of 
gravity is located far in front of the users head, 
which results in an excessive tuming moment act- 
ing on the head of tiie person using the goggles. 
Secondly, by failure of the image intensifier tube or 
at high light level, the user will be "bfind". At high 
light level the image at the screen of the image 
intensifier tube will indeed show a blurring. This 
results in resolution loss or even, at still higher light 
levels, complete switching off of tfie tube. The 
optical components in front of the eyes will in such 
case cause a total obstruction of view and the only 
means in order to see agadn is to flap away or to 
pull off the goggles. 

These inconveniences are overcome for a 
great deal by using an image intensifier tube with a 
narrow band phosphor (e.g. P43, P44, P55) at the 
screen in combination with a holographic optical 
element in each eye channel. Such lay out is 
descrifc)ed in the article "Systems engineering of an 
advanced holographic one-tube goggle" by Lacy 
a Cook, published in SPIE PROCEEDINGS No 
193, 1979, as well as in GB 2 100 466. 



The working of these systems Is based on the 
same principle as used for holographic head-up 
displays, e.g. as disclosed by US 3 940 204, in 
which the holographic optical element acte as a 
6 highly effictent combiner for the see4hrough or 
_ - direct image and the Image of a phosphcM* screen 
• or intensified Image. 

Due to the use of said holographic optical 
elements, the user will always have an image of 
70 the real worid, even by faiiure of the image intensi- 
fier tube or at high light Jevel. 

The holographic goggles disclosed by afore- 
mentioned article and hy GB 2 100 466 however 
still have Important shortcomings. The light energy 
75 emitted by the side bands of the phosphor of the 
screen of the image intensifier tut>e will be trans- 
mitted by the aforesaid tiolographtc optical ele- 
ment, making the user of the goggles detectable 
even from large distances. Another disadvantage of 
20 said goggles is that the holographic optical element 
works in a strong off-axis optical system leading to 
image aberrations such as high distortion of the 
intensified image. Additionally the objective lens of 
the goggles is not at the same height of the eyes 
25 of the user. This gives a confusing image during 
nearby observations with holographic goggles of 
prior art. 

For head-up displays it Is known that adding 
additional holographic optical elements to the sys- 

30 tern could much improve the distortion characteris- 
tics and could lead to a compact lay-out Such 
head-up displays are known of US 4.407.564 and 
are also described in Volume phase holograms 
and their application to avionic displays" by B.i-1. 

35 Woodcock in SPIE PROCEEDINGS No 399. 1983. 

The object of the invention is to. develop in>- 
proved night vision goggles which does present 
none of the disadvantages of the prior art night 
vision goggles. 

40 Another object of the invention is to develop 

nigiit vision goggles in which aforesaid technique 
of additional holographic optical elements can ad- 
vantageously be used. 

The nigttt vision goggles according the inven- 

45 tion are characterized in that they consist in tiie 
combination of at least one objective part; at least 
one image intensifier tulDe, having an. Input side on 
which an input image can t>e projected by the 
objective part, and having an output side formed by 

50 a screen emitting an intensified ou^ut image of 
said input image within a narrow waveband emis- 
sion spectrum: and two ocular parts each compris- 
ing the combination of at least one colllmating 
holographic optical element and one beamsplitter 
optical element with angular selectivity properties. 
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these properties being used in combirtation with 
the characteristics of the emitted light of said 
screen. Preferably said beamsplitter optical ele- 
ments consist in holographic optical elements or 
holograms, while for said screen a narrow 
waveband phosphor will be used. 

The night vision goggles .in accordance with 
the invention will now be described by way of an 
example with reference to the accompanied draw- 
ings In which : 

figure t is a perspective representation of 
the optical lay out of the holographic night vision 
goggles; 

figure 2 is a schematic representation in side 
view of the emtjodiment of figure 1 ; 

figure 3 Is a schematic representation in 
front view of the embodiment of figure 1 ; 

figure 4 shows in detail the optical path of 
three chief rays for three different field directioris; 

figure 5 represents a typical emission spec* 
trum of a narrow band phosphor; 

figure 6 shows the reflection characteristics 
of the t>eamsplitter holographic optical element: 

figure 7 shows the transmission characteris- 
tics of the same beamsplitter holographic optical 
element at the same point but at a different angle 
of Inddence; 

figure 8 shows an example of a holographic 
night vision goggles for head mounting realized In 
accordance to this invention. 

Referring to figures 1» 2 and 3 of the drawings, 
the goggles in this example are of the single-tube 
type. 

As shown in the emt>odiment form of figure 1 , 
the optical lay out of the night vision goggles 
mainly consists in an objective part 1, an image 
intensifier tube 2 and two ocular parts respectively 
3 and 4. 

The objective part 1 is substantially formed by 
one or more objective lenses 5, which according 
the invention preferably will be located at the same 
height as tiie users eyes 6. 

The image intensifier tsbe 2 comprises an in- 
put side 7 con sisting substantially in a photo- 
catiiode and an output side 8. e^. consisting in a 
phosphor screen. As Illustrated on figures 1 and 2 
the Image intensifier tube 2 is located near to the 
front head 9 of tiie user and is placed with its axis 
10 In vertical, or nearly vertical, direction. 

Each of the ocular parts 3 and 4 are substan- 
tially consisting in an imaging lens, respectively 11 
and 12; a side mirror, respectively 13 and 14; a 
beamsplitter optical element, respectively 15 and 
16 and a collimating holographic optical element, 
respectively 17 and 18. The l)eamsplitter optical 
elements 15 and 16 are preferably of the holo- 
graphic type having angular selectivity properties. 



However these elements may also be made In a 
non-holographic way but having the same angular 
selectivity properties. These "properties* will still 
be explained hereafter. 

5 Additionally the optical lay out of the figure 1 

comprises a roof prism 19 placed between the 
objective part 1 and the image intensifier tube 2, a 
collimating lens 20 immediately placed after said 
screen of the output side 8, and a roof mirror 21 

70 between the collimating lens 20 and ssdd imaging 
lenses 11 and 12. 

All aforesaid optical components will preferably 
be cfisposed according the configuration as shown 
in figure 1 . 

75 On each figure the optical chief ray 22 is 

drawn, corresponding with the straight forward 
looking by the user. 

With the objective lenses 5 and through the 
roof prism 19 the scene is imaged on the 

so photocattiode of the input side 7 of the image 
intensifier tube 2. At the phosphor screen at the 
output side 8 the same image is formed with a 
much higher brightness. With the collimating lens 
20 an image is formed at infinity. 

25 After this collimating lens 20, the light way is 

splitted in a right and a left half by means of the 
roof mirrors 21. On each side of the goggles, tiie 
respectively light rays 22A and 22B passes through 
the separate ocular parts 3 and 4. 

30 In each ocular part, respectively 3 and 4. tiie 

imaging lenses 11-12 forms an image inb>etween 
the side mirrors 13-14 and the beamsplitter holo- 
graphic optical elements 15-16. Through reflection 
on these optical elements 15-16 at points A, this 

35 image is collimated by the collimating holographic 
optical elements 17-18. The collimated beam 
passes through the beamsplitter holographic optical 
elements 15-16 at points B to reach the users eyes 
6. Botii elements, respectively 15-16 and 17-18, 

40 are constructed In such a way that the light of the 
phosphor screen passes with high efficiency 
through the ocular parts 3 and 4. This means that 
the collimating holographic optical elements 17-18 
will have high reflectivity for the green phosphor 

45 light and that the beamsplitter holographic optical 
elements 15-16 have to combine a high reflectivity 
(at A) with a high t^uismlssron (at B). This Is also 
Illustrated on figure 4 of the drawings for different 
field directions (looking up and looking down). For 

60 giving the opportunity of the see-through capability 
both holographic optical elements also must have a 
high photopic transmission. 

The combination of high reflectivrty witii high 
transmission of the t>eamsplitter holographic optical 

55 elements 15 and 16 however requires a nar- 
rowband phosphor for the screen of the image 
Intensifier tube 2. A typical emission spectrum of 
such phosphor is shown on figure 5 of tiie draw- 
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ings. The reflection characteristics of a beamsplitter 
holographic optical elements 15 or 16 at point A for 
light ray (see figure 4) are shown at figure 6. It 
is dear that the energy of the central peak 23 in 
figures 5 of the phosphor light Is reflected because 
it is centered at the same wave length as the 
reflection peak 24 at figure 6. The side-bands 25 of 
the phosphor, as shown in figure 5, are however 
not reflected and this energy passes downwards 
through the beamsplitter holographic optical ele- 
ments 15 and 16. Light ray "Y", as shown in figure 
3. reflects on the beamsplitter holographic optical 
elements 15 and 16 also at A. Transmission char- 
acteristics of the beamsplitter holographic optical 
elements 15 and 16 at A for ray (see figure 4) 
are shown on figure 7. We see that at the 
wavelength of central peak 23 of the phosphor 
(figure 5) the transmission is high. This combina- 
'tion of high reflectivity with high transmission in 
one point is possible because of the different angle 
of incidence for both light rays "X" and "Y" and is 
based on the well known angular selectivity of 
beamsplitter holographic optical elements. Such 
t)eamsplttter holographic optical elements or holog- 
rams are constructed in such a way that at a given 
wavelengtii and at a gh^en point, there is only high 
reflectivity at one defined angle of incidence; at all 
other angles of incidence, reflection is low and 
transmission is high. 

The above reasoning is true for all points of the 
t)eamspRtter holographic optical elements 15 and 
16 and thus for all field directions of the night 
vision goggles. 

It is now clear that adding a holographic optical 
element, as explained in this inventldn, in each 
ocular part 3 and 4 of the night vision goggles 
leads to several advantages vnth respect to night 
vision goggles of prior art 
-the optical system works less off-axis leading to 
t>etter image quality and certainly less distortion; 
-the beamsplitter holographic optical elements 15 
and 16 filters out the side bands 25 of the screen 
light which are otherwise transmitted through the 
front or colllmating holographic optical elements 17 
and 18. This results in a much lower detectability in 
the dark; hence In military applications the wear of 
the goggles cannot be detected even by someone 
else also wearing night vision goggles; 
-tile application of more than one holographic op- 
tical element per ocular part 3 and 4 allows a much 
compactor lay out witii the image intensifier tube 2 
in a vertical position, resulting In the center of 
gravity of the goggles being very close to the front 
head 9 of the user; 

-it also allows to have the objective lens 5 at the 

same height of the users eyes 6; 

-the combination of more tfian one holographic 



optical element per ocular part 3 and 4 gives the 
opportunity to do specific image aberration correc- 
tions such as for chromatic aberration and distor- 
tion. 

5 An example of a realisation of a holographic 

night vision goggles forehead-mounting in accor- 
dance to this invention is shown on figure 8. The 
complete optical system is housed in a plastic 
cover 26. The lower part of this cover or vt sor 27 

70 Is mainly transparent giving the user a panoramic 
see-through image largely exceeding the area of 
the holographic optical elements 15-18. A rubber 
mask 28 at the back side, provided wHh straps 29, 
gives a comfortable adaptation to the users face. 

75 Position of all components with respect to the 
users head are such that ordinary ophthalmic 
glasses can be worn, which allows the goggles to 
work with fixed diopter setting. Because of the 
large exit pupil of these goggles, adjustment of the 

20 iPD Cinteipupillary distance) is even not required. 

Additionally references 30, 31 and 32 in figure 
8 refer to a battery, an electrical switch and a 
focussing knob. 

25 

dalms 

1. -Night vision goggles, characterized In that 
these goggles substantially consists in the com- 

30 bination of at least one objective part (1); at least 
one image Intensifier tube (2), having an input side 

(7) on which an input Image can be projected by 
the objective part (1), and having an output side 

(8) formed by a screen emitting an Intensified 
35 output irnage of said Input Image within a narrow 

waveband emission spectrum; and two ocular parts 
(3, 4) each comprising the combination of at least 
one coHimating holographic optical element (17; 
18) and one beamsplitter optical element (15;16) 
40 with angular selectivity properties, these properties 
being used In combination wltii tiie characteristics 
of the emitted light of said screen. 

2. -Night vision gc^gies according to claim 1, 
characterized in that the beamsplitter optical ele- 

45 ments <15; 16) with angular selectivity properties 
consists in holographic optical elements. 

3. -Night vision goggles according to claim 1 or 
2, characterized in that for the screen at the output 
side (8) of the Image Intensifier tube (2) a narrow 

50 waveband phosphor is used. 

4. -Night vision goggles according to any one of 
the preceding claims, characterized In that the axis 
(10) of the image Intensifier tube (2) is in vertical or 
nearly vertical direction by normal wearing position 

55 of the goggles. 
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5. *Night vision goggles according to any one of 
the preceding claims, characterized in that the ob- 
jective lens (5) of the objective part (1) is located at 
substanttaily the same height as the users eyes 

(6). 5 

6. -Night vision goggles according to anyone of 
the preceding claims, characterized in that the o|> 
tical system is housed in a forehead-mounting, the 
visor (27) of this forehead mounting being mainly 
transparent giving the user a panoramic see- io 
through Image. 
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